Management Services is the evolution of traditional parking system that it does not only provide live information to users in order to make it easy for them to look for vacant parking lot, it also give authority to operators to monitor and perform simulations to illustrate the real parking system. The purpose of this project is to apply the principles of queue theory into parking system modeling. The queue system model enables the predictions of arrival and service time in the system through analysis and calculations. Aside of it, Graphical User Interface (GUI) is also designed and integrated into the parking system in order to allow parking zone operators to monitor the status of the parking lots and view the statistics of arrival rate, service time and so on. This project focuses on the system modeling and software development and implementation. It is expected that this project will be able to assist parking zone operators in designing their system that will work efficiently and generate high income. It will also provide convenience to the operators in managing the parking zone remotely. Users will also experience a time-saving and stress-free parking zone.
INTRODUCTION
As Malaysia taking its steps advancing to the era of globalization, owning a vehicle had become one of the needs for each citizen. This situation had led to the increment of vehicle sales in nationwide. Increment of vehicle sales would simply means that there will be more and more vehicles on the road. Based on the information provided by Malaysia Automotive Association in Malaysia Automotive Info, the number of registered vehicles in Malaysia, including passenger cars, commercial vehicles and 4x4 vehicles, had been increasing steadily from 1980 with total registered vehicles of 97262, to 2011 with total registered vehicles of 600123 [1] .
In order to cater with the number of vehicles on the road nowadays, parking lots must be increased from time to time, either in open-space parking or indoor parking. However, the limitation in area restricted the increment of parking lots in it. Thus, every parking lot must be fully utilized and traffic flow must be controlled systematically to prevent congestions in the tight spaces. To make sure these conditions to be fulfilled, "Real-Time Monitoring System for Parking Space Management Services" is introduced to be applied in indoor parking zones. The system operates by printing out tickets which imprints the assigned parking lot number on it. The parking lot assigned will be based on shortest calculated distance between the entrance and the empty lot. Aside of that, a miniature map of the parking zone will be also printed on the ticket with the path to the assigned parking lot highlighted for users' convenience in locating their respective assigned lots. Infrared sensors installed on top of every parking lot will detect presence of vehicle at that particular lot. The signal from the sensors will be sent to the controller for distance calculation and for displaying total of available parking lots on the LED display. The main controller will also acquire data inputs from each of the sensor at specific intervals to monitor the status in real time. Another value-added feature in this system is the online monitoring system. The status of each parking lot in the parking zone can be viewed by administrator through monitoring computers in control room. Administrator may get to know the status of availability of the parking zone remotely by viewing the graphical user interface (QUI) built with this system. The operation of this whole system will be modeled by applying the principles in queue theory.
II. PRINCIPLE OF QUEUE THEORY
In a typical queuing model, customers arr ive from time to time and join a queue (waiting line), are eventually served, and depart from the system. Customer may refer to any type of entity that is requesting service from a system. Thus, most of the service provider, production systems, communication and computer systems, repairing and maintenance facilities can be considered as queuing systems.
Inputs, which it shall be called customers, arrive at a service facility in accordance with some sort of distribution, usually stochastic, which shall be in general assumed is Poisson, and demand service. The facility consists of one or more channels, which may be arranged in series, parallel, or in various networks. The time required by the facility to service a customer is usually distributed stochastically, and it shall be assumed that it is exponential. If a channel is available, the customer enters it, is serviced and leaves; if not, then the customer's behaviour is determined by some set of rules, usually he/she waits in line until service is available. The basic problem of queue theory is probabilistic: given the rules for customer arrival (by types, if more than one), the rules for service time (by types of facility, if more than one), the rules of balking or reneging, if any, and the queue discipline (priorities, jockeying, multiple lines, etc.) one wishes to determine the distribution of the states of the system as a function of time and of such other parameters as waiting time, fraction of customers delayed, busy and idle intervals of the channels, etc. There is also an associated statistical problem: given the behaviour of an observed system, determine its rules-especially the input and service time distributions [2] [3] .
Queuing theory is one of the methods used to analyze the problems of waiting lines of a parking system entrance, whose task is to serve the randomly arrived cars, which requesting for parking tickets [4] . The queue theory uses mathematical models to determine the interdependencies among arrival of cars, waiting time before reaching the automatic ticket teller machine, time taken to take the parking ticket and to open the barr ier gate, and finally leaves the automatic ticket teller machine. Basic terms used in queue theory are as below:
• Customers (service users, clients)
• Servers (service place)
• Queue (waiting line) Considering the elements used to describe a process of waiting line, Kendall's notation, v / w / x / y / z, is adopted to indicate the details of the queue system where the letter v stands for distribution of the arrival of cars into the parking system, w for distribution of time needed for driver to take the ticket from the machine, x for number of automatic ticket teller machines in the parking system, y for capacity of the queuing system and z for discipline of the queue [5] .
For modeling the proposed system, the distribution of arrival units and distribution of time of service for the entrance gate are represented with Poisson Distributions as the number of cars in the queue and time required to serve one car are random. The departure distribution can be represented in a random way, where customers may leave the system at any time they wanted to. Number of servers depends on the number of automatic ticket teller machines, capacity of queuing system depending on the maximum number of cars that the queue can handle, and indefinite discipline of queue. Thus, the Kendall's notation can be written as MlM/2/K without the last term in behind as it is infmite. The letter 'M' represents Markov which is equivalent to exponential.
In exit gates, both the arr ival and departure that happens at that gate can be modeled by a General Random Distributions as the number of cars arriving at that gate cannot be estimated at any given time. The number of servers in the gate is two and the queue capacity is limited to the total number of lots in the system, where in this case it is 64 units. The queue capacity can never exceed this value as there are only a maximum of 64 cars can exist in the system. Thus, by using the Kendall's notation, the system can be represented as G/G/2/64, where G stands for General, 2 for number of servers and 64 for queue capacity.
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III. METHODOLOGY
A. Parking Space S y stem Modelling
The floor plan of the parking zone is shown in Fig. 1 , where there are two barrier gates at the entrance and another two at the exit. The calculations for the nearest parking lot will be referenced from the entrance of the shopping mall which is located next to the exit barrier gates. The traffic in the parking zone is assumed to flow only in one direction. The whole parking system can be modeled in two subsystems, as shown in Fig. 2 and Fig. 3 , which are the entrance barrier gate and the exit gate of parking zone respectively. In the entrance subsystem, M/M/2 case is used as it has exponential arrival of cars from the outer network, exponential servicing time for each car at the ticket machine, 2 barrier gates that act as servers, infinite number of cars that the queue can handle, and indefmite queue disciplines. The cars from the outer network, which is from the main road, will join the queue for Gland G2 servers as shown. The cars will be served by First-In First-Out (FIFO) basis. The first car in the queue will decide to head to the server that is available at that time instance. Thus, splitting occurs right after the driver had chosen the desired server. As soon as the drivers had obtained their parking tickets, they are assumed to head directly to the assigned parking lot.
The merging occurs before the exit gate where all the cars exit at the same point. The exit gate subsystem uses G/G/2/64 case, where there are random arrival of car from the parking lot, random ticket machine service time, 2 servers which consists of two exit barrier gates at the fust level, Eland E2. The maximum number of cars that the queue can handle is set to 64, as it is assumed to have 64 parking lots in the parking zone. The total number of vehicles present in the system can never exceeds the total number of parking lots. The discipline of queue is indefinite. Once the fust level of parking zone is full, the cars will be directed to enter the next level of parking zone.
� Server :L:::) Departure The proposed parking system applies Dijkstra's Algorithm, where the initial node, destination node and several nodes that user will pass through is identified. In this system, the initial node will be the parking lots and destination node is the mall entrance. Next, all the identified nodes will be labeled as unvisited nodes. The distance from the initial node to the second node nearby will be calculated and the shortest distance node will be selected. The selected node is now the initial node and calculations will be performed onto the nearby nodes to look for the nearest distance. The steps will proceed until the destination node has been reached and all the nodes have been visited. All the steps above are then repeated to get the second shortest distance from parking lot to the mall and goes on until all the parking lots in the system have been calculated [6] . This is to check which nearest parking lot is available for the user to park his/her car in the parking zone.
All the distance calculation values for each parking lot will be stored in an array so that this massive calculation steps 151 need not to be repeated for every user's entrance. If the first shortest distance parking lot is occupied, the program will loop to check on the second shortest distance lot, and so on, until an unoccupied lot is detected. Once the available lot is detected, the loop will end and instructs the printing machine to print out the available parking lot number with its route map on the parking ticket. At the same time, it will send signal to the control system to indicate that the assigned parking lot is occupied. The barrier gate will open to allow the user to enter the parking zone. As soon as the user parked his/her car into the allocated parking lot, the sensor will detect the presence of car and turn off the indicator.
IV. HARDWARE INTEGRA nON
In this proposed system, Intel Atom Innovation Kit 3 is used as the controller platform for the whole system. In order for the program to read data from the sensors, NI USB-6009 DAQ had been used as a medium for translating hardware signals into software for further processing. The board contains Universal Serial Bus (USB) ports soldered on the board which can be conveniently used to connect any desired hardware, where in this project NI USB-6009 DAQ is connected.
The outputs from the hardware are hardwired into the NI USB-6009 DAQ and the signal is read in NI LabVIEW. The board is able to function as a compact desktop computer by just connecting a display, mouse, and keyboard, and user may view the developed GUI from the computer. The program downloaded will defme the input ports and output ports at the NI USB-6009 DAQ in order to communicate with the hardware components.
All the infrared sensors on top of each parking lots and parking ticket button will be connected as the input port. Barrier gate and ticket printer will be connected as the output port. In between input port and output port, programming will play its role to analyse the signal received from input, runs the calculations, and decides the activation of outputs. Take a simple example, when user pushed the parking ticket button, the controller will receive the signal from the button, perform calculations on which is the nearest parking lot available and finally generates out the results from the calculations that will be printed on the parking ticket. The board is also used as the monitoring system to view the status of each parking lot in the parking zone through the designed GUI. 
A. Simulation Mode
The results of simulation are obtained by changing the day and time, where the arrival rate will differs, and for each case, the simulation will be run twice to obtain the average value for the simulation values. The simulations are run based on six cases, which are during;
I.
weekends at non-peak hours, ii.
weekends at peak hours, iii.
weekends at randomly selected hour, iv.
weekdays at non-peak hours, v.
weekdays at peak hours,
VI.
weekdays at randomly selected hour Peak hours indicates that the arrival rate is high, non-peak hours for low arrival rate and randomly selected hour indicates a normal flow of vehicles where arrival rate is at intermediate rate. Fig. 5 shows the GUI designed for simulation mode. The GUI is the same as in real-time mode, with an additional control panel at the right side, for controlling the time, day, service time, estimated parking time (EPT), and probability of departure after EPT. Screen A and Screen B simulates the text that will be printed on the tickets for customers. 6 shows the performance analysis for the exit gate by applying the principles of G/G/2/64 queue system. The graphs shown in the GUI are the server utilization, probability of having zero customers in queue and estimated number of vehicles in queue. The upper row shows for Server A and the lower row is for Server B.
From all the data obtained, the average value from two iterations for each case will be taken and inserted into tables. From Table I to Table 2 , it is also proven that Poisson random distribution as in M/M/2 queue system can simulate the events accurately as the difference between simulation values and theoretical values for all the parameters are very low. SU stands for server utilization, PO for probability of having zero vehicles in queue, and EQC for estimated queue content. It is 152 proven that the system can function normally in low or high arrival rates as there is no case where the estimated number of vehicles in queue or server utilizations shoot up to an peculiarly high values throughout the simulations. 
B. Real-time Mode
In real-time mode, the circuits are connected in order to run the program. The program is tested with random triggers by intercepting the infrared sensors signals in the model structure, simulating the entrance of a car into the parking lot. The system is proven to function properly under normal circumstances where the limitations are not exceeded. The performance information in the graphs is logically dependent on the availability of the parking system at that time. The performance parameters are maintained to be in its allowable range, to be stable. 
VI. CONCLUSION
Real-time monitoring system for parking management services is designed to have a GUI that make convenience for the parking system administrators to monitor the status of parking system in real-time, from the screen. Besides, the designed GUI will also be able to simulate the events in parking managements, such as arrivals, service and departure, based on queue theory.
For the parking system modeling, the MlMI2 model will be used as this queue model is able to represent the distribution of the arrival rate and service time of the entrance gate in that system. For the exit gate, G/G/2/64 is used for modeling as it can represent the arr ival and departure pattern of users that happens randomly and independent of any parameters at the exit gate. After modeling, it is expected that probability of certain event such as probability having zero vehicles in the system and probability of having a specific number of vehicles can be determined through mathematical model. Besides, the expected average queue length, expected average number in the system, expected average total time and expected average waiting time can be simply determined from the formulae and to be used for analysis of system performance.
Next, based on the principles from queue theory, a smart parking system GUI is designed. The GUI is expected to be implemented on conventional smart parking system available. Parking system operators can easily monitor their parking zone by using the GUI. Based on the results obtained from the simulation, it is proven that the simulator complies with the principles of queue theory, and thus can be used to illustrate the real cases of parking system.
